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A b s t r ac t
Background: Patellofemoral maltracking is caused by different anatomical factors. Most of them are associated with a proximal maltracking,
which alters the patella’s engagement into the trochlear groove and predisposes the patellofemoral joint for instability. Different surgical
techniques have been described to realign patellar tracking, however, most of which address proximal patellar maltracking.
Aim: The aim of this article is to demonstrate the influence of patella-related deformities on patellar tracking and to present a novel surgical
technique for the treatment of distal patellar maltracking, caused by a severe patellar dyplasia.
Case Description: We report the case of a 23-year-old patient with a severe patellar dysplasia, presenting a distal patellar maltracking with
recurring dislocations in deep flexion. Due to her instability, the patient was immobilised and dependent on the constant use of walking aids.
Radiological images showed a concavely shaped patellar, which articulated exclusively with the lateral epicondyle and caused the patella to
dislocate laterally, starting at a flexion angle of 60°. An anterior closing-wedge osteotomy was used to reshape and recenter the patella, which
was complemented by a medial patellofemoral ligament reconstruction. At the 18-month follow-up, the patient presented pain free and fully
remobilised, without the use of walking aids. Patellar tracking was reestablished, with a possible knee flexion until 140°. No redislocation of
the patella had occurred.
Conclusion: Distal patellofemoral maltracking, caused by a severe patellar dysplasia, can successfully be treated with an anterior closed-wedge
osteotomy of the patella. In combination with a medial patellofemoral ligament reconstruction, patellofemoral stability can be reestablished,
to prevent further dislocations.
Clinical Significance: There are multiple factors, which may cause patellar maltracking. A thorough clinical and radiological preoperative analysis
is mandatory, in order to clearly identify the underlying pathologies, as these may affect patellar tracking proximally or distally.
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B ac kg r o u n d
Patellofemoral instability has been shown to be associated with a
variety of predisposing factors, such as the patient’s age, a history
of contralateral dislocations, skeletal immaturity or variations of
normal anatomy.1–7 Besides instability, which is defined by recurring
dislocations, physiological patella tracking – in relation to the trochlear
groove – is, in many cases, pathologically altered by the presence of
predisposing anatomic risk factors.5 These typically include lateral
soft-tissue contractions or muscular imbalance, patella alta, 8 a
pathologically lateralised tibial tubercle,9–11 trochlear dysplasia,12,13
genu valgum,2,4 or torsional deformities of the femur or tibia.3,5,14
Yet, all of the above mainly influence patellar engagement
proximal to the trochlear groove. However, if patellar tracking is
impaired distally to the trochlear groove, the influence of a hypo- or
dysplastic patella needs to be considered when planning surgical
realignment.15–17 Accordingly, the surgical correction of a proximal
maltracking cannot be expected to deliver satisfying results if a
distally pronounced maltracking is observed.
We report a case of distal patellofemoral maltracking caused by
a severely dysplastic patella infera. Therefore, we present a novel
technique of patellofemoral realignment by anterior closed-wedge
patelloplasty, combined with a proximalisation of the tibial tubercle
and the reconstruction of the medial patellofemoral ligament
(MPFL). To the best of our knowledge, such a technique has not yet
been described in the current literature.
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Case Description
A 23-year-old female patient with massive chronic anterior knee
pain was referred to our department, five years after a medialising
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Figs. 1A to G: A lateral radiograph of the left knee showed a patella infera, with a CDI of 0.74 (A), while the leg axis in the frontal plane was found
to be straight in the standing long-leg radiograph (E). On tangential radiographs of the patella in 30, 60 and 90° of knee flexion, the patella was
found to lateralise increasingly (B–D), which was caused by a concavely shaped patella accompanied by a type B trochlear dysplasia (F, G)

osteotomy of the tibial tubercle was performed, along with a lateral
retinacular release on the left knee. Originally, the patient had
reported to another department with recurring patellar dislocations
in deep knee flexion, which had limited the functionality of her
knee since childhood. Contrary to classic patellofemoral instability,
no dislocation had ever occurred in the flexion angles of 0 to
30°. Post-operatively, patellar instability persisted and emerging
symptoms of anterior knee pain led to further restrictions of the
patient’s activity level, eventually confining the patient to the use
of forearm crutches.
A physical examination revealed a limited active range of
motion to 60° of the knee flexion, as a result of the patient’s concerns
of an impending dislocation beyond this angle. In passive flexion,
a continuous lateral maltracking of the patella was observed from
an angle of 30°, leading to further lateralisation with ongoing
flexion (Video 1). The right knee presented similar findings of a
distal patellar maltracking but with preserved mobility and a full
range of motion.
A lateral radiograph indicated a patella infera (CatonDeschamps Index, CDI = 0.74) (Fig. 1A), while standing long-leg
radiographs showed a physiological leg axis in the frontal plane
(Fig. 1E). Tangential radiographs of the patella in 30, 60 and 90°
of knee flexion confirmed the clinical findings of a distal lateral
maltracking during the course of progressive knee flexion (Figs.
1B–D). The preoperative computer tomography (CT) showed a
trochlear dysplasia (Dejour B) and a conformingly shaped concave
patella (Figs. 1F–G). The tibial-tuberosity to trochlear groove (TT-TG)
distance was measured to be 16 mm. In a magnetic resonance
imaging (MRI) of hips, knees and ankles, normal torsional angles

of −25° (femoral) and 30° (tibial) were measured in accordance
with Waidelich et al.18 The 3D reconstruction of the CT showed a
lateralised patella that articulated with the lateral condyle, while
the trochlea remained empty (Fig. 2).
In the synopsis of all clinical and radiological findings, the
patient presented a combination of predisposing anatomical
factors, while the distally pronounced maltracking indicated the
patella dysplasia to be the main cause for patellofemoral instability.
The severe lateral maltracking in this patient was caused by the
mismatch between the highly dysplastic patella and the trochlear
groove.

Surgical Plan
Complex cases of patellofemoral instability require a precise
preoperative analysis of underlying anatomical risk factors, as well
as a careful differentiation between instability and maltracking. 5
Accordingly, both of these symptoms need to be addressed
separately.4 In general, patella instability is successfully treated
with a reconstruction of the medial patellofemoral ligament
(MPFL).19
Complementary to the clinical examination, maltracking is
reconfirmed in a diagnostic arthroscopy with low or no water
pressure at the beginning of the surgery.
To address lateral contractures caused by a preceding lateral
release, the lateral arthrotomy can be combined with a lengthening
of the lateral retinaculum.20
Since, biomechanically, the bony morphology of the
patellofemoral joint (PFJ) is a determining factor for patella tracking,
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Figs. 2 A to D: A three-dimensional CT reconstruction of the left knee impressively revealed an articulation between the lateral epicondyle and
the patella, while the trochlear groove (yellow star) did not participate in the articulation

Figs. 3 A to F: The diagnostic arthroscopy revealed a lateralised patella (+), riding on top of the lateral condyle (*), while the trochlea groove remains
empty (A,B). Due to the concave shape of the dysplastic patella, its reduction into the trochlear groove was impossible at this point of surgery.
The pre-operatively measured and planned wedge was marked with two K-wires and controlled with the image intensifier (C, D). After the bony
wedge was removed (green arrow) (E), the osteotomy was closed and osteosynthesis was performed with cannulated screws (F). Subsequently,
the patella could be centralised into the trochlear groove. In addition, a medialisation and proximalisation of the tibial tubercle was performed

its correction should be prioritised in this case.7 In contrast to
a proximal patella maltracking, which is typically observed in
trochlear dysplasia, the patella of this patient lateralises distally
and in deep flexion.5 This section of movement is not addressable
by trochleoplasty and the dysplastic shape of the patella presents
a high risk of producing incongruent articulation between patella
and trochlea. Therefore, after arthroscopic confirmation, an anterior
closed-wedge patelloplasty is indicated to reshape the dysplastic
patella and to realign patella tracking.
Furthermore, against the background of a borderline increased
TT-TG distance of 16 mm, intraoperative reevaluation of patella
186

tracking is indicated, following the patelloplasty.9,21 In the case
of persisting lateral maltracking, an additional medialisation of
the tibial tubercle should be considered, combined with a slight
proximalisation in the case of a patella infera.5

Surgical Technique
With the patient in a supine position, the left leg was stored in
an electric leg holder and wrapped in a tourniquet. Diagnostic
arthroscopy was performed at the beginning of the procedure
to reconfirm the indication and to further assess patellofemoral
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tracking (Fig. 3A and Video 2). Even with the manual reduction, it
was not possible to re-centre the dysplastic patella into the trochlear
groove (Video 3).
The arthrotomy was performed, excising the pre-existing
scar, and the patellofemoral joint was exposed. In the process, the
superficial and deep layers of the lateral retinaculum were incised
in a z-shaped fashion to allow subsequent lengthening of the lateral
retinaculum (Fig. 3C).
Under the use of the image intensifier, the wedge was marked
with two K-wires in a preoperatively planned angle of 35° (Fig. 3C and
D). The wedge-osteotomy was performed along the K-wires using
an oscillating saw, and the sawn-out wedge was removed (Fig. 3E).
By careful reduction, a physiological convexity of the
retropatellar joint surface could be achieved. The osteotomy was
secured with a bicortical 3.5 mm lag screw to close the osteotomy
gap and create interfragmentary compression, which was
completed by two cannulated 4.0 mm screws that were drilled in
a medial to lateral direction (Fig. 3F). While patella tracking was still
lateralised (Fig. 4A), a gentle manual realignment of the patella into
the trochlear groove was now possible (Fig. 4B).
In order to further optimise patellar tracking, the tibial tubercle
was osteotomised and a 5 cm bone block was proximalised by
15 mm and slightly medialised until a physiologically centred
patellar tracking was observed (Fig. 4B). The tubercle was
fixed with three 3.5 mm bicortical screws that were drilled in a
posteromedial direction to avoid injury of the popliteal vessels
(Fig. 4C and D).

Finally, an 18 to 20 mm gracilis tendon graft was harvested from
the ipsilateral pes anserinus and prepared for MPFL reconstruction.
A small groove was prepared with a Luer and two suture anchors
(FastAk, Arthrex, Naples, FL) that were inserted between the
middle and proximal third of the medial patella (Fig. 5A and B).
Under strictly medio-lateral orientation of the image intensifier, the
femoral point of isometry was located, a guidewire was inserted
and over drilled with a 6 mm drill. The graft was knotted to the
anchors and shuttled underneath the native MPFL through the
drill channel using a shuttling suture. The range of motion was
tested and the graft was fixed tension-free with a 5 × 23 mm2
bioabsorbable interference screw (Arthrex, Naples, FL) (Fig. 5C
and D).
Finally, during the course of wound closure, the lateral
retinaculum was lengthened, adapting the superficial lateral with
the deep medial layer. The facia and the subcutaneous tissue were
readapted and wound closure was established. Postoperatively,
the results were controlled by standard radiographs in two
planes (Fig. 5) that were acquired by a CT scan of the right knee
(Fig. 6).

R e h a b i l i tat i o n P r oto co l
P o s to p e r at i v e R e s u lts

and

The postoperative rehabilitation protocol included a knee brace,
allowing full extension and a restricted flexion to 45° (week 1–3) and
60° (week 3–6) until the range of motion (ROM) was released. Partial

Fig. 4: Arthroscopically, patellar tracking was found to remain slightly lateralized (a), while the patella (+) could easily be reduced into the trochlear
groove (T), by applying gentle lateromedial pressure (b). After medializing and proximalizing the tibial tubercle, restoring physiological conditions,
it was fixed with three bicortical 3.5 mm screws (blue arrow) (c, d). The lateral condyle (*), which previously functioned as the primary counterpart
of patellofemoral articulation, was now located lateral to the patellofemoral joint (d)
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Figs. 5 A to C: The postoperative radiograph of the left knee in two planes showed an improved patellar height (A) and the correct position of all
osteosynthesis materials (B). An additional postoperative CT scan showed the correct position of the femoral drill channel (#) and demonstrated
an improved patellofemoral articulation that was enabled by the newly created conformity of the retropatellar joint surface (C, D)

Figs. 6 A to D: A three-dimensional reconstruction of a postoperative CT scan presented a notable improvement of patellofemoral articulation

weight-bearing was prescribed for six weeks. At the 12-month
follow-up visit, the patient presented mostly pain-free, and no
further dislocations had occurred, allowing her to walk normally
without crutches. The active ROM was 0–0–130°, without signs of
maltracking (Fig. 7). In the radiological control, the osteotomy site
had healed completely.
After 18 months, the patient presented pain free and fully
remobilised for the implant removal of the screws. While the
preoperative clinical examination revealed a passive ROM of
0–0–145° (Fig. 8, Video 4), arthroscopic re-evaluation confirmed
the findings of a physiological patellar tracking (Fig. 9, Video 5).
Knee function presented with a Lysholm score of 90, as the
188

Tegner Activity Index improved from 1 (preoperatively) to 3
(postoperatively).

Discussion
In order to understand patellofemoral maltracking, a thorough
preoperative analysis is mandatory, to identify and weigh up all the
present anatomical pathologies that can influence patellofemoral
kinematics. Through clinical examination, the surgeon also has
to differentiate between distal and proximal maltracking. While
proximal maltracking may become clinically apparent in terms
of the ‘reversed J’ sign, which describes a sudden re-centring of
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Figs. 7 A to F: Before the surgery was started, the left knee was re-examined regarding its full range of motion, showing an obvious lateralization
of the patella with progressive knee flexion (A). At the 12-month follow-up examination, the wound had healed completely (B) and physiological
patellar tracking was restored up to a passive flexion angle of 130° (C, D). Examination of the contralateral right knee demonstrated similar findings
of a distal patellar maltracking (E, F)

Figs. 8 A to E: After 18 months, the patient presented for implant removal of the screws. Preoperative patellar tracking during passive range of
motion was physiological throughout a range of motion between full extension and 145° of knee flexion (from left to right)
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Figs. 9 A to D: The arthroscopic re-evaluation of the patellar tracking at the beginning of the implant removal surgery documented a centralised
position of the patella in full extension (A, B), as well as a physiological engagement of the patella into the trochlear groove (C, D)

the patella at 20 to 30° of flexion, distal maltracking occurs when
the patella leaves the bony guidance of the trochlear groove at
50–70° and then slips laterally. 5 In the presented case, the patella
was conformingly shaped to fit its articular counterpart, namely,
the physiologically convex-shaped lateral condyle. This led to a
constant lateral articulation, which became aggravated as the
patella moved distally with increasing flexion, losing the guidance
previously provided by the lateral epicondyle.
Although this patient also presented a type B dysplastic
trochlea,12 a trochleoplasty was not expected to have a beneficial
effect as the patella did not articulate with the trochlea at any
point of knee flexion. Given the high popularity of this technique,
it should also be noted that in cases of a convex trochlear dysplasia,
a conformingly shaped patella may present a hidden pitfall
when performing a trochleoplasty, thus leading to a sledge-like
patellofemoral mismatch.
In the presented case, after the osteotomy of the patella
was performed, manual reduction of the patella was achievable
again. However, a slight lateral maltracking in motion persisted,
most likely caused by a marginally lateralised tibial tuberosity.
Although an increased TT-TG of ≥ 16 mm is not necessarily
considered pathological, a tibial tubercle osteotomy (TTO)
should be indicated if a simultaneous lateral maltracking is
observed.9–11
190

While a growing number of studies have illuminated the
influence of anatomical risk factors on patella tracking, most of them
are of femoral or tibial origins. 3–5,9,14,22 Few studies have described
patella-altering techniques – mainly lateral facetectomy – for the
treatment of isolated lateral patellofemoral osteoarthritis, that is
caused by patellar maltracking in native knees.23–27 However, to
our knowledge, no study has yet outlined the effect of a dysplastic
patella on patellofemoral tracking or proposed a suitable treatment
option.
Certainly, the described procedure cannot be considered a
standard treatment for patients with patella maltracking. The
patients need to be selected carefully and special attention should
be paid to the exact presentation of patellofemoral tracking. In
particular, in cases of a distal lateral displacement of the patella
in flexion, the success of proximal realignment procedures can
be doubted. Accordingly, a thorough clinical examination is
required, supplemented by repetitive pre- and intraoperative
re-evaluation, in order to isolate the causative pathology. 5 In this
context, the influence of a dysplastic patella should be considered
carefully.
In this case, distal patellofemoral maltracking was caused
by a concave patellar dysplasia, which prevented physiological
articulation with the trochlear groove. Furthermore, intraoperative
observations illustrated that proximal realignment procedures
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alone (TTO) were unable to correct this distal patellar maltracking.
So eventually, physiological patellar tracking was re-established by
the described technique of patelloplasty.
Although the severity of this rare case is particularly striking,
it can be assumed that the influence of the patella is generally
underestimated.

7.

8.

L i m i tat i o n s
There are some limitations to this report. First of all, the severity
in this presented case is rare and the number of patients with
comparable pathologies is small. Therefore, the described
technique cannot be generalised or recommended for a certain
group of patients. Furthermore, the functional outcome and pain
reduction depends on the integrity of the patellofemoral cartilage.
In our experience, progressive cartilage degeneration presents
a limitation to this procedure and may not lead to satisfying
results. Also, the technique should be indicated cautiously in the
presence of diabetes or nicotine abuse, which may impair bone
healing. Finally, the described technique is technically demanding
and requires a precise understanding of patellofemoral anatomy
and kinematics, as well as a vast experience in the treatment of
patellofemoral disorders.

9.

10.
11.

12.
13.

C o n c lu s i o n
Although seldomly noted and commonly underestimated,
severe cases of patella dysplasia can be associated with a distal
patella maltracking and instability. In these cases, closedwedge patelloplasty can be an effective technique for surgical
realignment of patella tracking. A thorough preoperative analysis
of patellofemoral kinematics is imperative for the correct indication.
Further studies with larger numbers of cases will be necessary to
evaluate the functional outcome.
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Video 1: With the patient in general anaesthesia, preoperative examination of the left knee shows increasing lateralisation of the patella during
continuous passive flexion
Video 2: A lateralised, concavely shaped patella is riding on top of the lateral condyle, while an empty trochlear groove can be observed. A manual
reduction of the patella into the trochlear groove is prevented by the dysplastic shape of the patella, leading to a mismatch between patella and
trochlea groove
Video 3: Due to the severe dysplasia of the patella, manual reduction of the patella into the trochlear groove was not possible
Video 4: The dynamic preoperative examination after 18 months documented a physiological patellar tracking without further lateral displacement
of the patella during the range of motion
Video 5: Arthroscopically, after 18 months, the repetitive examination of dynamic patellofemoral articulation revealed that the patella remained
centred inside the trochlear groove throughout the range of motion
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